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AN OPTICAL FIBER AND A METHOD FOR 
FABRICATING A LOW POLARIZATION-MODE 
DISPERSION AND LOW ATTENUATION OPTICAL FIBER 

5 Cross-Reference to Related Applications 

This application claims the benefit of U.S. Provisional Application No. 
60/131,012, filed April 26, 1999, entitled OPTICAL FIBER HAVING 
SUBSTANTIALLY CIRCULAR CORE SYMMETRY AND METHOD OF 
MANUFACTURING THE SAME. 
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Background of the Invention 

1. Field of the Invention 

The present invention relates generally to the field of optical waveguide fibers, 
and more particularly to methods of making low polarization-mode dispersion and 
15 low attenuation optical waveguide fibers. 

2. Technical Background 

A significant goal of the telecommunications industry is to transmit greater 
amounts of information, over longer distances, in shorter periods of time. Typically, 
20 as the number of systems users and frequency of system use increases, demand for 

system resources increases as well. One way of meeting this demand is by increasing 
the bandwidth of the medium used to carry the information. In optical 



PCT/US00/10303 

WO 00/64824 

Bte comnnuncati„n svsrems, » *— <* OP- «""~ ^ '— * 
bandwidth is particularly high. 

to recent years, significan, advancements have been made in the manufachtre 
„ f optical waveguide fiber, which in rum bave increased the usable Ugh, carrying 
capacity of ft. fiber. However, i, is wen known « eiecrromagnefic radufion 
.raveling through an optica, waveguide fiber is subject to attenuation or >o* t due m 
several tneehanisms. Although some of these meehanisms cannot be reduced, outers 
have been eliminated, or at least substantially reduced. 

A particularly prob.ematic mode of optical fiber attenuation is attenuate due 
. absorption by the optica, waveguide fiber due to impurities present in the bght 
pttV region of me fiber. troub.esome is the artenuauon ca«s«. by 

sLce o, hydrogen is present in me fiber materia., or when hydrogen available from 
several sources during me fiber manufaccuring process dtfmses mm the glass 

Hydrogen bonds with the oxygen available in the SiOr and/or GeO, and/or 

oonds. The attenuation increase due to OH or water in the g.ass can he as htgb . 

0.5 » 1.0 dB/km, wim me atteouadon peak generally accompanymg the 1380 
rw M ow.Asu,edhe re m,mephra S e,-,3g0nmwmd„w- i sde f medasmem,ge 

of wave.eng.hs between about 1330 nm and about .470 nm. The attenuate peak, 
generally referred to as the water peak, has prevented useable eleccromagneuc 
transmission in the 1380 nm window. .,.„„:„,,„ 
Until recently, telecommunication systems avoid the water peak restdmg m me 

among outers. Wim me advent of waveiengm division muluplextng ( WDM , 
aovancemetns in amplifier technotogy, which enable telecommunicatton systems to 
operate over brc*d wavelengm ranges, h is likely tha, aU wavelengd, between about 
1300 nm and about 1650 nm wffl be used for data transmission tn opttcal 
„unication system. Removing me wamr peak fiom optica, wavegmdefib. 
„ nsed with such systems is an important aspect o, enabhng system operatton over tins 
entire range. 
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In the manufacturing of an optical fiber, a variety of methods can be used to 
deposit the various soot layers. In the outside vapor deposition ("OVD") process, the 
soot core blank is formed by depositing silica and germanium containing precursor 
constituents in the presence of oxygen onto a ceramic bait rod. As the bait rod is 
rotated, the precursor constituents are delivered to the flame burner to produce soot, 
and that soot is then deposited onto the bait rod. Once sufficient soot is deposited, 
the bait rod is removed, and the resultant soot core blank can be consolidated into a 
glass core blank. The soot core blank is typically consolidated by hanging the soot 
core blank in a consolidation furnace and heating the soot core blank to a temperature 
and for a time sufficient to consolidate the soot core blank into a glass. Preferably, 
prior to the consolidating step, the soot core blank is chemically dried, for example, 
by exposing the soot core blank to chlorine gas at an elevated temperature. The result 
is a cylindrical glass core blank having an axial hole along its centerline. 

This glass core blank is then typically drawn, e.g., by positioning the glass 
core blank in a furnace, heating the core blank to a temperature of approximately 
2000°C, and then redrawing or stretching the core blank into a smaller diameter core 
cane. During this redraw operation, the centerline hole of the core blank is collapsed 
by applying considerable vacuum (e.g., a pressure of less than 200 mTorr) along the 
centerline hole. These vacuum forces ensure complete closure of the glass core blank 
along the centerline. After the redraw step, the resulting core cane is then typically 
overclad with a layer of cladding soot by depositing a cladding soot, e.g. via an OVD 
deposition process. Once covered with sufficient cladding soot, the resultant soot 
overclad core cane is chemically dried and consolidated to form an optical fiber 
preform. While different processes (e.g. MCVD and others) may employ somewhat 
different processes to form components employed in the manufacture of preforms, 
many of them (e.g. MCVD) commonly end up with a cylindrical tube or other 
intermediate glass object having a hole therein, which is closed prior to drawing fiber 
therefrom. These manufacturing processes typically involve utilizing a vacuum at 
some point during the manufacturing process to close the hole or gap which is present 
between glass constituents without changing the outer diameter significandy. 
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The use of a vacuum <o close <be «— «- - ™« ta * gte 
blmk or odter optical fiber phonos » some drawback Such vacuum force, can 

in a nonsymmefrica. cemerlinc profile ofme cane, as shown, for exam^e, 
Fig 1 Fig.lUlusuatesacrosssecUonofcorecane.indica.cdg^allyano 

wL mc^ a cen,er point 12 surround* by layers of glaas 14. In H, 1 ^ 
gbss iayers 14 have an irregular, asymmefric sbapa, as a resul, of me 
L vacuum forces during redraw. Only a. locations farmer from me center pom. 12 
*, me >ayers o, glass 16 begin ro form more symmetrical and coneeutnc endes . 
^ ^ut me center poin. 12. Tbe same nou-symmenica, layers of glass ^ 

.»-,—— '"-ri« 

Views o, me cenrndine pronie rahen a, different location a!ong the lengtir o, tbe core 
„ (or me optica! flber resulting therefrom) wou.d alao show core asymmenr 
^ me geomerrical properties o, the core cane and resultant opucai ■» may 
ebange along the lengm mereof. More specify, me specific aaymmemc^ shape 

»* dispersion (PMD), a form of dispersion which results when one comedo 

^ m vds M. man a^mer, orthogonal component. PMD ts a severe, deuunen. 

wl present to any significant degree in single mode fibers, as i, lunna the «. 

^sion ra* of fiher-haaed telecommunications systems. More 
stagl = mode fibers and multimode fibers bom have an otnside dtameter o, generaUy 
Z I mierona. However, single mode fibers have a small, e.g., about S nucrou, 
mK dianete, This dunensional relationship ma.es single mode flbera extremely 

fiber manufacture, eapeciaUy in single mode fibers. In comma, to the small «- 
ofsing.en^frbera.mecoreregionofamu.timodefiber—yhasad^ 

62 5 micro* or 50 micro*. In multimode fibers, uou-symmefrlc ho!e do*re h* 
„M in me inabnhy . bane refractive index profiles on me mner-mos, portion o, 
I fiber adjacent dte centerline. As a result, laaers used .0 Uunoh light - - 
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fibers are often offset some distance from the centerline of the multimode fiber to 
avoid this region of non-symmetric hole closure. 

One method used to reduce PMD is spinning of the optical fiber during the 
fiber draw operation, wherein the fiber is mechanically twisted along its centerline 
axis while being drawn from the molten root of the blank. This twisting enables 
orthogonal components of light to couple to each other, thus averaging their 
dispersion and lowering PMD. However, spinning is a fairly complicated process for 
mitigating the effects of non-symmetric hole closure, and can impede the draw speed, 
cause coating geometry perturbations, reduce the strength of the optical fiber and so 
forth. It would therefore be desirable to manufacture fibers having a low PMD 
without resorting to such spinning techniques. 

Additionally, asymmetric core geometry can cause variations in core diameter 
along the length of the fiber core so that transmitted light "sees" a different core 
cross-sectional area at different points along the length of the optical fiber. In 
addition, an asymmetric centerline profile can reduce the bandwidth of laser launched 
multimode fiber. 

Another drawback to the use of vacuum forces to close the centerline hole is 
that such a process may result in voids along the centerline which further impair the 
transmissive properties of the optical fiber. 

Despite the chemical drying and consolidating steps typically associated with 
the manufacture of optical waveguide fibers, such optical waveguide fibers have been 
found to exhibit a relatively high level of attenuation measured at approximately 1380 
nm Because telecommunication systems presently in use today do not operate at or 
in the immediate vicinity of 1380 nm, this shortcoming has been largely overlooked. 
With recent advancements made in WDM, amplifier technology, and laser sources, 
however, eliminating the water peak measured at 1380 nm has become a priority. 
The water peak is largely a result of water being trapped in the glass during the fiber 
manufacturing process. In the case of the OVD process, it is believed that a large 
portion of the water is trapped within the centerline region of the core cane prior to or 
during closure of the centerline hole. Although the blanks are chemically dried and 
sintered during consolidation, it has been found that the region of glass surrounding 
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defining .he ceumrline bote is bcin g L after drying. Mos, common*, such 
^emng occurs mrough me phyaisorpoon, chennsorpfion, « ~ * — ^ 
exposure of the cenmrfine ho.e » an atmosphere ma, includes a hydrogen — g 
compound, such as. but not .inured to water (HrO) fo.iowing consolidahon. 

SUMMARY OF THE INVENTION 

The present invention relates to a method of making an optical fiber 
eomprismgmesrepsofprovamganintermediaBglassohiecrfotusemme 

manure o, opfica. fiber, the glass object having a centerhne hoU merer, hea»g 
* glass ohjec, . a temperature sufficient . reduco the diamemr of me glass object 
aud reducing the omside diameter of the glass ohjec. while conrroMng me pressure 
tei de me centerUne hole S ufficienUy » resuU in uniform an. symmetnc hole closure. 

One embodiment of the present invention relays to method of manufacmrmg 
. opfica, fiber ma. indudes me steps of providing an mtermedia.e glass objec, for 
^ I me manufacture o, opfica, fiber, wherein me gUsa ohjec. has a hole or annular 
void therein . leas, one end of which is plugged preveming gas flow merahrough 
^ hearing me glass objec. » a umperamre sufficient to reduce me oms.de .ameKr 
„, me glass objec The memod former incites applying a pressure of grea^ man 
500 Torr . me void, and reducing me ou*ide dianemr of me glass objec, and 
easing me bole or annular void ,o close uniformly and symmetrically. 

Preferably, me hole closure s«p is contacted under condifiona wmch axe 
suffieien, . resuh In uniform symmertc heafing o, me imermediare glass objec, 30s, 
prior » ari/or during me hole closure step. Such symmemc heafing could he 
achieved, for example, by ufil*ng a cyfindricaf furnace when .he ft— P- 
objec. is a cylindrical, shaped opfica. fiber preform 0, other cylmdncaBy shaped 

intermediate glass object. 

Aoomer embommen. of me presen. inversion is an opfica. fiber ma, mdudes a 
■« core comprised of layers of glass and having a cenmrfine. The opfica. fiber 
f^er incudes a fiber cladding surrounding me fiber core, wherein fire .avers* 
^ surrounding me cenrecline are sufficienfiy cftcuUriy synunemc • resul. m a 
polarization mode dispersion of less man 0.2 psec/sort-km. 
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Yet another embodiment of the present invention is an optical fiber 
communication system comprising a transmitter, a receiver, and an optical fiber for 
communicating an optical signal between the transmitter and the receiver. The 
optical fiber includes a fiber core comprising layers of glass and a centerline, and a 
fiber cladding surrounding the fiber core, wherein the layers of glass surrounding the 
centerline are sufficiently circularly symmetric to result in a polarization mode 
dispersion of less than 0.2 psec/sqrt-km. 

Still yet another embodiment of the present invention is an optical fiber 
communication system that includes a transmitter, a receiver, and an optical fiber for 
communicating an optical signal between the transmitter and the receiver. The 
optical fiber includes a fiber core of layers of glass and a centerline, and a fiber 
cladding surrounding the fiber core, wherein the layers of glass surrounding the 
centerline are sufficiently circular symmetric to result in a polarization mode 
dispersion of less than 0.2 psec/sqrt-km. The optical fiber also exhibiting less than 3 
spin rotations over a longitudinal fiber length of 1 meter. 

Yet another embodiment of the present invention relates to a method of 
fabricating an optical waveguide fiber that includes providing a cylindrical glass fiber 
preform having a longitudinally extending centerline hole, plugging a first end and a 
second end of the centerline hole to prevent gas flow therethrough. The method 
further includes attaching an outer handle to the first end of the preform, wherein the 
outer handle has a mating end, providing an inner handle for coupling to a gas 
supply, wherein the inner handle has a mating end and a fluid receiving end, and 
coupling the mating end of the outer handle with the mating end of the inner handle. 
The method still further includes exposing the centerline hole of the preform to a gas, 
heating the preform to a temperature sufficient to soften the preform, and closing the 
centerline hole of the preform by drawing the preform down into an optical 
waveguide fiber. 

In still yet another embodiment, the present invention, a method of fabricating 
an optical waveguide fiber that includes providing a cylindrical glass optical fiber 
preform having a longitudinally extending centerline hole plugged at a first end and a 
second end to prevent gas flow through the centerline hole, wherein the first end is 
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formed in a bent tab. The method farther includes providing an outer handle 
integrally attached • the tat end of ore preform, wherein the outer handle baa a 
mating end, providing an toner handle to fluid communication with a gas supply, 
wherein me toner handle has a mating end, a radially extending breaking rab, and a 
5 fluid receiving end, and coupling the mating end of the outer handle with foe manng 
end of foe inner handle. The medtod further include, heating foe preform auffietenfly 
„ increase foe pressure of gas within foe canterline bole of foe preform, expostng foe 
centerline ho., of foe preform to a dean dry gas by rotating foe ourer handle and foe 
tae, iandle relative » one atrofoer until foe breaktog rab of foe toner hand.e enntae* 
10 foe ben, tab of the preform, .hereby breaking foe ben, tab, heating me gtoss body to a 
mature sufficient to soften foe preform, and closing me cenrerltoe hole of foe 
preform by drawing foe preform down into an optical waveguide fiber. 

A furfoer embodiment of foe presenr invention is an apparatus for opetung an 
axial aperture of a cylindrical optical fiber preform whereto foe axial aperture ts 
,5 plugged a. a tat end and a second end to prevent gas flow forough foe aperture, foe 
firs, end having a frangible ben. tab. The preform includes an ou« handle atiached 
• tire end of foe preform and having a mating end, and an toner handle to fund 
communication with a gas supply and having a mating end, a fluid receiving end and 
a radully exKritog breaktog fob, whereto foe mating end of foe inner handle coupled 
20 with foe mating end of foe omer handle, whereby foe axial aperture of foe preform . 
exposed by routing foe outer handle and foe toner handle reUtive <o one anofoer unm 
te breaking fob of foe inner handle comacs foe bent tab of foe preform, thereby 

breaking the bent tab. 

Yet a further embodiment of the present invention is a preform for 
25 manufacturing an optical fiber that includes a cylindrical glass body having a 

longitudinally extending axial aperture, a plug at a first end of the body to enclose a 
first end of the body to enclose a first end of the axial aperture , and a bent glass tab 
enclosing the opposite end of the axial aperture, wherein the tab includes a radially 
extending section and a longitudinally extending tip which can be fractured for 
30 exposing the axial aperture. 
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The manufacture of optical fiber and other waveguides in accordance with the 
present invention achieves a number of advantages over the prior art with respect to 
the reduction of polarization mode dispersion. Because the centerline holes in the 
intermediate glass objects of the present invention are closed under conditions to 
result in uniform and symmetric hole closure, fibers drawn from such intermediate 
glass objects exhibit greatly reduced polarization mode dispersion compared to fibers 
in the prior art. In the method of the present invention, in the embodiment wherein 
the intermediate glass object is an optical fiber preform having a hole therein to be 
closed at draw the amount of positive or negative pressure applied during draw results 
in a fiber having a substantially circular centerline profile, i.e., a substantially 
circular core symmetry, wherein as one moves from the centerline outward, layers of 
adjacent glass retain a very circular symmetry. This same effect can be achieved on 
intermediate glass objects that are not fully complete optical fiber preform. For 
example, the intermediate glass object may be a core cane, preform having a 
centerline hole therein, and the hole closed during a redraw operation in which the 
outer diameter of the core cane preform is reduced sufficiently to close the centerline 
and form a core cane. In this core cane forming and hole-closing step, an amount of 
positive or negative pressure is applied during drawing of the core cane sufficient to 
result in symmetric hole closure. Preferably, the hole in said glass intermediate 
object being closed is not a result of rod in tube manufacturing techniques. As a 
result, using the techniques of the present invention, single mode fibers have been 
made which exhibit low polarization mode dispersion without having to resort to 
spinning or other PMD mitigation methods. 

The method of the present invention can also be used to form multimode 
optical fibers which are inherently better suited for use with laser sources. In laser 
light launching methods, the spot size of the laser can be small relative to the overall 
size of the core, if the laser is directed at an area having non-symmetric glass layers, 
these non-symmetric glass layers can disturb the path along which the laser beam 
would otherwise travel. Consequently, it is desirable to have uniformly symmetric 
and concentric glass layers about the centerline of the core of the fiber. Such 
concentric layers are achievable using the methods of the present invention. 
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Using the various embodiments of the invention disclosed herein, a number of 
additional advantages over other methods known in the art may be achieved. For 
example the amount of water and other impurities, such as transition metals, trapped 
within the centerline region of the core blank prior to the core blank being drawn into 
an optical fiber can be greatly reduced. Accordingly, optical waveguide fiber made 
from such a core blank exhibits a much smaller water peak at 1380 nm, and in the 
1380 nm window as a whole, therefore exhibits lower optical attenuation in a 1380 
nm window than an optical waveguide fiber manufacmred in accordance with 
standard methods from preforms manufactured by the OVD process. Further, optical 
waveguide fiber made from such a core blank exhibits reduced attenuation losses. 

An additional advantage of the methods of the present invention is that optical 
waveguide fiber manufactured with such methods can now operate at any selected 
wavelength over a range of wavelengths from about 1300 nm to about 1680 nm 
without undue optical attenuation. Moreover, the method of the present invention is 
also economical to implement and can be practiced without the production of 
additional environmentally unfriendly waste products. 

Another potential advantage of the method of manufacture of the present 
invention is that the optical fibers produced according to the method may have less 
voids along their centerline. Elimination of the vacuum forces during hole diameter 
reduction and/or hole closure significantly reduces the likelihood of voids in the fiber, 
thereby reducing the light reflections associated therewith. 

• These and other advantages of the invention will be further understood and 
appreciated by those skilled in the art by reference to the following written 
specification, claims, and appended drawings. 

It is to be understood that both the foregoing general description and the 
following detailed description are merely exemplary of the invention, and are 
intended to provide an overview or framework for understanding the nature and 
character of the invention as it is claimed. The accompanying drawings are included 
to provide a further understanding of the invention, and are incorporated in and 
constitute a part of the specification. The drawings illustrate various embodiments of 
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the invention, and together with the description serve to explain the principals and 
operation of the invention. 

Brief Description of the Drawings 
Fig. 1 is a schematic view of a centerline profile of a cross section of a core 
cane formed using a vacuum force during the redraw operation used to make a core 
cane; 

Fig. 2 is a fragmentary perspective view of an optical waveguide fiber; 
Fig. 3 is a fragmentary perspective view of a glass optical fiber preform; 
Fig. 4 is a schematic view which illustrates an outside vapor deposition 
process for making a soot core blank; 

Fig. 5 is a vertical cross-sectional view of a soot core blank located within a 

consolidation furnace; 

Fig. 5 A is a vertical cross-sectional view of a soot core blank being drawn 

into a glass core cane; 

Fig. 5B is a vertical cross-sectional view of a core cane being cut from a glass 

core blank; 

Fig. 6 is a vertical cross-sectional view of a core cane which has been 
overcladded with additional soot, located within a consolidation and redraw furnace; 

Fig. 7 a vertical cross-sectional view of a fully consolidated glass optical fiber 
preform located within a draw machine shown in schematic form; 

Fig. 8 is an enlarged fragmentary cross-sectional view of the glass optical 
fiber preform shown in Fig. 7; 

Fig. 9 is a cross-sectional view of an inner handle located within an outer 
handle with a breaking tab of the inner handle juxtaposed from a bent tab of the glass 
preform taken along section line K-IX, Fig. 8; 

Fig. 10 is a cross-sectional view along the same plane as Fig. 9 showing the 
breaking tab of the inner handle in contact with the bent tab of the glass preform; 

Fig. 1 1 is an enlarged fragmentary cross-sectional view of the glass preform 
located within the draw machine shown with the bent tab of the glass preform 
snapped off; 
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Fig. 12 is an enlarged fragmentary cross-sectional view of the glass preform 
located within the draw machine showing the inner handle disengaged from the outer 
handle; 

Fig. 13 is a flow diagram of the steps to the method of the present invent,on; 
5 Fig. 14 is a schematic view of a substantially symmetric centerline profile of a 

cross section of an optical waveguide fiber made in accordance with the present 
invention; and 

Fig. 15 s a schematic view of a fiber optic communication system employing 
an optical fiber of the present invention. 

10 

Detailed Description of the Preferred embodiment 
Reference will now be made in detail to the present preferred embodiments of 
the invention, examples of which are illustrated in the accompanying drawings. 
Wherever possible, the same reference numerals will be used throughout the drawings 

15 to refer to the same or like parts . 

Referring initially to Fig. 2, an optical waveguide fiber 30 manufactured by 
the method of the present invention is shown. The optical waveguide fiber includes a 
central core region 32 having a centrally located axis 33, an outer glass core region 
34 and a coaxial cladding region 36. Optical waveguide fiber 30 is formed from a 
20 cylindrical glass body or glass preform 70 (Fig. 3) having a central core region 42 
with a longitudinally extending, centrally located centerline hole 60 extending 
therethrough defining a centrally located axis 45. Preform 70 also includes an outer 
glass core region 46 and cladding region 48 both coaxial with core region 42. For 
example, central core region 32 and 42 could consist of germanium doped central 
25 region, and region 34 and 46 could consist of additional regions having various 

amounts of fluorine and/or germania dopants, to form a complex index of refraction 
profile (e.g., a segcor profile). Of course, the invention is not limited to use with 
these dopants, nor is it limited to fibers having complex index of refraction profiles. 
Instead, region 34 may be omitted, and the fiber may be a simple step index profile. 
30 Also, region 34 could include a near clad region, which consists of pure silica 
typically. 
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In accordance with one embodiment of the invention, cylindrical glass preform 
70 is preferably formed by chemically reacting at least some of the constituents of a 
moving fluid mixture including at least one glass-forming precursor compound in an 
oxidizing medium to form a silica-based reaction product. At least a portion of this 
reaction product is directed toward a substrate, to form a porous body, at least a 
portion of which includes hydrogen bonded to oxygen. 

The porous body may be formed, for example, by depositing layers of soot 
onto a bait rod via an outside vapor deposition ("OVD") process. Such an OVD 
process is illustrated in Fig. 4. In Fig. 4, a bait rod or mandrel 50 is inserted through 
a tubular integral handle 52 and mounted on a lathe (not shown). The lathe is 
designed to rotate and translate mandrel 50 in close proximity with a soot-generating 
burner 54. As mandrel 50 is rotated and translated, silica-based reaction product 56, 
known generally as soot, is directed toward mandrel 50. At least a portion of silica- 
based reaction product 56 is deposited on mandrel 50 and on a portion of integral 
handle 52 to form a cylindrical soot porous body or soot core blank 58 thereon having 
a proximal end 59 and a distal end 61 . While this aspect of the present invention has 
been described in conjunction with a translating lathe, it will be understood by those 
skilled in the art that soot-generating burner 54 can translate rather than the mandrel 
50. Moreover, this aspect of the present invention is not intended to limit soot 
deposition to an OVD process. Rather, other methods of chemically reacting at least 
some of the constitutes of a moving fluid mixture, such as, but not limited to, liquid 
or vapor phase delivery of at least one glass-forming precursor compound in an 
oxidizing medium can be used to form the silica-based reaction product of the present 
invention. Moreover, other processes, such as the inside vapor deposition process 
(IV), and modified chemical vapor deposition process (MCVD) are also applicable to 
the present invention. The present invention is most preferably not intended for use 
with a rod in-soot optical waveguide preform production methods, but rather is more 
preferably used to close centerline holes. 

Once the desired quantity of soot has been deposited on mandrel 50, soot 
deposition is terminated and mandrel 50 is removed from soot core blank 58. Upon 
removal of mandrel 50, soot core blank 58 defines an axially extending void or 
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hole 60 (Fig. 5). Soot core btank 58 is vertical* auspended wnhur a 
consottdaion mmace 64A by a downfeed handle 62 engaging inregral handle 52. 
Consolidation furnace 64A preferable concentric* sunounds the soot core blank 
58 Integra! handle 52 is formed of a silica based glaas materia, and Wades a firs, 
end 63 about which proximal end 59 of core blank 58 is formed, and a second end 1 65 
defining an inner surface 67 .herein. Alternative* , second end 65 of inmgral handle 
52 may be flame worked thereon sunken, <o the deposition and consolidation aeps. 
integral handle 52 la generally cup-ahaped and defines an inttrior cavity 69. Inner 
surface 67 is preferably provided with a coarse texntre, the significance of wmch » 
disused below. CetterUne hole 60 loca«ed near distal end 61 of soo, core blank 58 
b preferably fined whh a glass botrom ping 66 prior <o positioning porous body 58 
wttnn consolidation furnace 64A. Glaaa plug 66 is preferably made from a relanvely 
,ow melting point glaaa (e.g. lower tinm ma, of me aoo, core b,ank) so rha, during 
consolidation, as me son. of the aoo. core blank ia consolidaKd into glaas, me glass 
ptag win effectively seal to end of me centerline hole. While inserting bonom plug 
66 ia me preferable mcmod for closing the distal end 61 of p»rona body 58, other 

and devicea sufficient to dose diatal end 61 to prohibi. airflow meremrough 
my 6e employed such as, bur no, limired m, flaming and/or crimping me end 61 
shut. 

Tie cemerfine hole 60 a, proximal end 59 of core blank 58 may reman, open 
, ambien, air or may be closed by inserting a ,op plug 73 into cenlerline hole 60 
prior « the consolidation amp similar ro bonom phrg 66. In one embodhnen,, <o 
fecUham such pmgging of me hole, tire bole inside me inugral handle ia made larger 
^ me hole inaide me snot preform 58, and tire size os plug 73 ia selecud . be 
intermedia* meae <wo htrernal diameters, so ma, me plug can be inserted through tire 
tegral handle portion 52, bu, ge* smck in me cen,eriin= hole region of prefonn 58. 
to an alternative embodhnen,, «, plug 73 may consia, of a thicker region (duck 
enough * ping me centerline hole 60 wimin me soot prefonn 58) a, a bonom end 
which serves . ping me centerline hole 60 o, aoo, prefonn 58, anomer duck region 
1 ftbicker man me centime bo.e in hnegral handle 52) « the top end of the plug to 
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prevent the plug 73 from felling into the centerline hole 60 of soot preform 58, and an 
intermediate region between the two ends to connect these two thicker end regions. 

Soot core blank 58 is preferably chemically dried, for example, by exposing 
soot core blank 58 to a chlorine containing atmosphere at an elevated temperature 
within consolidation furnace 64A. The chlorine containing atmosphere effectively 
removes water and other impurities from soot core blank 58, which otherwise would 
have an undesirable effect on the properties of optical waveguide fiber manufactured 
from blank 58. In an OVD formed soot core blank 58, the chlorine flows sufficiently 
through the soot to effectively dry the entire blank 58, including the region 
surrounding centerline hole 60. Following the chemical drying step, the temperature 
of the furnace is elevated to a temperature sufficient to consolidate the soot into a 
sintered glass core blank 55. 

The glass core blank 55 can then be used to form an intermediate glass object 
such as a core cane 57, if desired. Intermediate glass objects, as used herein, means 
a glass object that can be used in the manufacture of optical waveguide fiber, and 
which includes optical fiber preforms, core canes, rod and tube assemblies, and the 
like. Preferably, however, the hole is a centerline hole, and thus is not due to rod in 
tube techniques per se. Core cane, as used herein, has the conventional meaning in 
the art, that is, a consolidated glass rod or tube which includes at least a portion of 
the core region for an optical fiber preform, to which additional core and/or cladding 
material is added to form a complete optical fiber preform. To draw the glass core 
blank into a core cane 57 (Fig. 5A), the temperature of redraw furnace 64B is raised 
to a temperature which is sufficient to reduce the diameter of the consolidated glass 
core preform blank 55 to form core cane 57. During this redraw operation in which 
the consolidated core blank 55 is drawn into more narrow core cane 57, centerline 
hole 60 will also narrow along with the outside diameter of core cane 57 (this 
narrowing is not illustrated in the drawings). Preferably, however, centerline hole 60 
does not completely close, as normally the diameter reduction of the initial outside 
diameter of core blank 55 is not sufficient, with respect to the initial inside diameter 
of centerline hole 60, to close centerline hole 60 without the aid of significant vacuum 
forces. Centerline hole 60 preferably remains closed at both ends so that, in effect, 
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after ft, glass has been chemicaHy dried and consoUdated, mere is no oppormnity for 
fte giass ,o take on water along cenrerline ftole 60 during redraw into separate canes. 

During tie core cane redraw operation, the ends 51 and 51" of core cane 57 
(Fig 5B) are s=a.ed shot as .hey are separared from the core Wank 58 by a ptaraUry 
„, torches 53 or dry heat sources (i.e. , eleoric resistance furnaces) symmetrically 
spaced about core cane 57 whicb is being redrawn. Sncb a sealing s«p may be 
accomplished, for example, by flaming shn. (as shown) or crimping shn. me semt- 
n „Uen ends of core cane 57 as each core cane 57 is separated. Sealing each end of 
core cane 57 without exposing centerline hole 60 to anient air greatly reduces the 
MM „f water and ofter hopurities, sncb as transition me*, .rapped withm the 
Celine region associaed therewith. Once me final glass core blank 55 (Ftg. 6) 
ft* wffl be drawn h«n optica, fiber is formed, ben, tab 68 is drawn/pnlled from ft. 
end of core cane 57 (Fig. 7, locared nearest integral handie 52. This can be done by 
tene working and bending rhe end of core cane 57. Bern tab 68 e*=»ds radrally 
oumaI dfromftecentero,g>asspref6rm70. An imegra. handle 52 sncb as fta. 
ta in Fig. 6 is rhen aftached <o an end of each cor. cane 57 by fiame workmg or 
m ofter suitable method which does no. expose space 60 «o the atmosphere 

b fte preferred embodiment, me core cane 57 is then moved ro a claddtng 
station, where additional core materia! a«i/or cladding material is overlaid on core 
oane 57 The overcladding step is -dentica. ,o fte ininal soo, deposition rechntque 
used to form fte core soo, blank 58 (Fig. 4), excep, baead of depositing fte claddmg 
aoo, onto a mandrel 50 i, is over!aid onto core cane 57. This clad overiayirtg step 
mv be accomplished b, depositing fte cladding material onto core carte 57 vta, for 
example, soo, deposition, or ahematively by inserting fte cane in.o a Caddtng sleeve. 
This process may be repeated several times if addition! core soo, regions are ,o be 
formed, b, piacing fte — glass core Wank 55 (Fig. 6) within fbmace 64 and 
orawing or pnliing a new core cane 57A .herefrom and ften depositing soil rfdmona. 
son, materia, ftereon. Once fte g!ass core cane has been overtaid with soo, c addtng, 
is ften moved «o a consoiidation ftunace, where fte soor cUdding is chemicaUy drteo 
, and ften consolidated into glass onro core cane 57 ,o form a complete glass fiber 
preform 70 (Fig. 7). 
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In the past, and as described earlier in this application, following chemical 
drying and consolidating of the numerous soot layers, the glass preform 70 was 
routinely exposed to a water containing environment, such as ambient atmosphere, at 
any one of several steps subsequent to the forming of the core blank and prior to the 
formation of optical fiber therefrom. It is now recognized that physisorbed water and 
chemisorbed water in the glass bounding the centerline hole 60 occurs almost 
instantaneously when the glass is exposed to atmosphere containing a hydrogen 
compound such as, but not limited to water QhO). Moreover, the greater the 
exposure time, the greater the amount of water absorbed by the glass. Thus, any 
exposure to ambient atmosphere, or any atmosphere containing a hydrogen 
compound, no matter how short the period of time, may rewet the portion of the glass 
preform bounding the centerline hole. Such rewetting provides the impurities that 
cause the water peak exhibited by optical waveguide fibers manufactured using 
standard fiber manufacture processing techniques from blanks formed by an OVD 
process. 

Another disadvantage of exposing the centerline hole 60 of the glass preform 
70 is that the centerline hole 60 may be exposed to other contaminates and impurities 
such as transitional metals. The inclusion of transitional metals within the resultant 
optical fiber contributes to attenuation losses. By completely sealing each end of 
centerline hole 60 as seen in Fig. 5B, the exposure of centerline hole 60 to 
detrimental impurities may be reduced or eliminated. Other techniques for avoiding 
water contamination are disclosed, for example, in U.S. Provisional Patent 
Application No. 60/131,033, filed April 26, 1999, the specification of which is 
hereby incorporated by reference. 

Several other variations to the method of the present invention, as shown in 
Fig. 13, are described below. While several variations to the method disclosed herein 
have been described, the specific embodiments are not intended to be limiting, but 
merely exemplary of the sequential steps possible. 

Once the sintered glass preform 70, which includes core cane 57 overlaid with 
a cladding (Fig. 7), is formed it is moved to a draw furnace, preferably in a vertical 
orientation, for drawing the glass preform 70 into an optical waveguide fiber, as 
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repress by step 100, Fig. 13. The glass preform 70 is suspended by tn«egral 
lie 52 on downfoed hand.e 72. as repress by s,ep The furnace enjoyed 
h erein for ho.e dosure of «be mm— glass objec, (regards of whether Ore 
to — re g.ass object is a core cane or, as in Oris case, a, optical fiber preform, 
pKferabiy enrp.oys a hear source which is symmetiic abou, *= periphery of to glass 
Lrmediam objec For eaampie, in a prefer** embodhuenti * hear source 

envoys hear zones of increasing remperacore from „ ,o boaom op. Consequent 

in— re objec. is inserted btio me «, of rhe furnace and owered uuo 
it fcehoie closes from the bonom. The ratio of me oufcide diameKr of me 
^iare objec, .0 me inside diameeer of me centime boie . be closed rs greu, 
enough mar, under sufficient reduction of me outside diameter, the hole doses 

■an-uniforuny . The downfeed handle 72 is position* wimin and transia^e wttinn 
l^w^Cnotsho^andg.asspremrm^is.ower.witn^adr^f^e 

74 which defiues an interior waU 81, such as ilusttaKd in Fig. 7. Preferab. » giass 
prefcnn 70 is encircied by interior wall 81 of draw fornace 74. A ***** ~ 
Lie 76 (Figs. 7 and 8, having a radian,, inward!, extending breafcug -b «*- 
^ within mregra, hand!e 52 such ma. a lower end bowl-shaped, coarse «xtu,ed 
^ surface 78 of inner hand,e 76 forms a subsuntially airtigh. sea, wtm manug 
^1 67 o, itnegra, M 52, as shown hy s*p 104. Hand!e 76 has an nuenor 

snch ma. relative rotation between inregra, handie 52 and inner hat* 76 causes 
taeaihtg tab 80 of inner handle 76 to engage ben. ub 68 of glass preform 70. as 

further discussed below. 

* one embodiment, gfass preform 70 is lowered into draw furnace « « 
74 for a sufficient time period to mcrease me gas pressure witiun cenmrUne hoie 60 
of g ,ass preform 70, as represent hy smp !06. Giaas preform 70 is men removed 
tem wimin ho, zone 74, as represent by s,ep 108. A negative pressure 
,„ in,erior cavHy 7! o, inner handie 76 and urterio, cavity 69 o, huegral hamue 52, 
hereby removing contaminate* such as H2O as well as other partial mauer 
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therefrom, as represented by step 1 10. The interior cavity 71 of inner handle 76 and 
the interior cavity 69 of integral handle 52 are then backfilled with a dry inert or 
drying gas (e.g. chlorine), as represented by step 112, from a gas supply 84 (Fig. 7). 
The supply of dry or drying gases is preferably provided so that if any gas enters 
centerline hole 60 of glass preform 70, it is a clean dry gas that will not lead to 
attenuation induced losses within the resultant optical waveguide fiber. 

Centerline hole 60 of glass preform 70 is then opened by snapping bent tab 68 
of glass preform 70, as represented by step 114. Alternatively, bent tab 68 can be 
scribed by at a point closer to the end of bent tab 68 than to the location at which bent 
tab 68 and integral handle 52 are connected, followed by the snapping of bent tab 68 
of glass preform 70. To snap bent tab 68 inner handle 76 is rotated relative to 
integral handle 52 such that breaking tab 80 of inner handle 76 engages bent tab 68 of 
glass preform 70, as shown in Figs. 9 and 10, to break tab 68. Breaking bent tab 68 
(Fig. 11) of glass preform 70 exposes centerline hole 60 of glass preform 70 to the 
gas within interior cavity 69 of integral handle 52, thereby reducing or eliminating 
possible contamination of centerline hole 60 prior to the drawing of optical waveguide 
fiber from preform glass 70. While rotating inner handle 76 relative to integral 
handle 52 is preferred, integral handle 52 could be rotated with respect to inner 
handle 76. Further, both inner handle 76 and integral handle 52 may be rotated with 
respect to one another. 

After snapping bent tab 68 from glass preform 70 (Figs. 7 and 11), a dry or 
drying gas is continuously passed over inner handle 76 thereby maintaining interior 
cavity 71 of inner handle 76, interior cavity 69 of integral handle 52, and centerline 
hole 60 of glass preform 70 free of contaminants and from being recontaminated, as 
represented by step 1 16. A valve 82 is used to control the flow of gas from the gas 
supply 84 and whether the gas is directed directly to interior cavity 71 of inner handle 
76 or vented to an exhaust tube 86. Exhaust tube 86 is coupled with a one-way valve 
88 that prevents the entry of air into exhaust tube 86 and the contamination of 
centerline 60 of glass preform 70 by ambient air and the contaminant matter 
associated therewith, as represented by step 118. One-way valve 88 may be provided 
in the form of a bubbler, a check valve, or any other form of a one-way valve that 
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prevents the backflow of ambient air into exhaust tube 86. Alternatively, exhaust 
tube 86 may be provided at such a substantial length that the backflow of ambient air 
into exhaust tube 86 is prevented from reaching centerline hole 60 of glass preform 
70. 

After the centerline hole 60 (Fig. 1 1) of the glass preform 70 has been opened 
and purged, the glass preform 70 is lowered further into the hot zone of furnace 74 
and/or the temperature is increased to a temperature sufficient to allow an optical 
waveguide fiber 79 to be drawn from glass preform 70, as represented by step 130. 

In the fiber draw step 130, the glass preform 70 is drawn into optical fiber 30 
(Fig. 2), the centerline hole 60 of glass preform 70 closing during the fiber drawing 
step 130. As the glass preform 70 is drawn to optical fiber 30, the outside diameter 
of the glass preform 70 gradually reduces. Because the outside diameter of the 
preform is sufficiently large with respect to the inside diameter of the hole to be 
closed, the forces internal to the glass preform generated by this reduction on the 
outside diameter of the glass preform 70 causes centerline hole 60 to close as well. 
Closure forces, including surface tension and capillary forces during the fiber draw 
step 130 differ from the vacuum forces typically used during redraw in conventional 
optical fiber manufacturing techniques or in tube collapse in MCVD or IV plasma 
processes. Typically in glass preforms 70 which are manufactured entirely by an 
OVD process, the glass preform 70 may be as wide as 7 to 15 cm, and the inside 
diameter of centerline hole 60 between 1 to 10 mm. Consequendy, the reduction in 
outside diameter of the fiber preform, which may range, for example from 7 to 15 
cm, down to the outside diameter of a typical optical waveguide fiber (e.g., 125 
microns) creates adequate forces due to the surface tensions and capillary forces 
involved in the reduction of the outside diameter, so that the centerline hole 60 closes 
completely during the draw operation without having to resort to the use of any 
significant vacuum. In particular, the centerline hole is capable of closing completely 
during the fiber draw step 130 with low vacuum, i.e., greater than 1 Torr, more 
preferably greater than 8 Torr, even more preferably greater than 100 Torr, and even 
more preferably greater than 500 Torr, applied to the hole during the hole 
closure/diameter reduction step. Most preferably the pressure applied to the 
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centerline hole 60 is about equal to atmospheric pressure (i.e. about 750-760 Torr) or 
even slightly positive (i.e., about 764.6 Torr, where atmospheric pressure is assumed 
to be equal to 760 Torr) such as that caused by the purge pressure of the gas or 
drying gas entering centerline hole 60. Preferably, a slightly positive pressure of 

5 between about 761 .8 - 769 Torr is maintained during the draw operation. In this 

way, centerline hole 60 can be maintained under a pressure during the fiber drawing 
step 130 which is sufficient to result in a circular symmetry about axis 33 (Fig. 2) of 
optical fiber 30. The pressures disclosed herein are absolute pressures. 

Fig. 14 illustrates a cross-section of a center region of an optical fiber, 

10 indicated generally at 20, which includes a center point 22 surrounded by 

symmetrically shaped layers of glass 24. This symmetric centerline profile decreases 
polarization mode dispersion in single mode fibers and greatly facilitates the ability to 
fabricate the appropriate index profile to yield high bandwidth in multimode fibers by 
enabling the profile in the centerline region to be tuned to a desired refractive index 

15 profile. 

In an alternative variation to the preferred embodiment, bent tab 68 can be 
snapped prior to applying the low vacuum to inner handle 76 and integral handle 52, 
as represented by the attenuate method of Fig. 13 at step 120. Subsequent to 
snapping bent tab 68 in step 120, a low vacuum is drawn on inner handle 76 (Fig. 7) 

20 and interior cavity 69 of integral handle 52, and thus to centerline hole 60 of glass 

preform 70, thereby removing the above discussed contaminates from within interior 
cavity 71 of inner handle 76 and interior cavity 69 of integral handle 52, as well as 
from within centerline hole 60 of glass preform 70. The vacuum applied during this 
step is much less than that typically required to collapse the centerline hole 60 of 

25 glass preform 70, as represented by step 122, the specific amounts of which are 
discussed above. The interior cavity 71 of inner handle 76, interior cavity 69 of 
integral handle 52 and centerline hole 60 of glass preform 70 are then backfilled with 
a dry or drying gas, as represented by step 124. It has also been determined that 
centerline hole 60 of glass preform 70 can be exposed to a dry or drying gas without 

30 drawing a vacuum on centerline hole 60 of glass preform 70, as represented in step 
126. It should be noted that it is preferable that the centerline hole 60 of glass 
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preform 70 not be exposed to ambient air at any time if the centerline hole 60 is 
under a vacuum as set forth in step 122 and only exposed to a dry or drying gas as set 
forth in step 126. 

Exposing the interior cavity 69 (Fig. 12) of integral handle 52 to ambient air 
by removing the connection between inner handle 76 and integral handle 52, as 
represented by step 128, will likely increase hydrogen induced attenuation of the 
resultant optical waveguide fiber. Consequently, the space 90 surrounding integral 
handle 52 is preferably continuously purged with dry or drying gas from source 84 
(Fig. 7) after disengagement of the inner handle 76 from integral handle 52. 

This method of forming the optical waveguide fiber is completed in a similar 
fashion to that described for the preferred embodiment above, except that the glass 
preform 70 is not lowered within hot zone 74 prior to a vacuum being drawn on 
interior cavity 71 of inner handle 76, step 110, and/or snapping bent tab 68 from 

glass preform 70, step 120. 

While glass preform 70 is being heated within hot zone 74 a sphere of molten 
glass 91 will begin to collect at distal end 77 of glass preform 70. If the centerline 
hole 60 is constantly purged in step 112 or step 124, while the glass preform is heated 
within the hot zone, it may be necessary to decrease or eliminate the purge pressure 
of the dry or drying gas to prevent the enlargement of the glass sphere 91. Allowing 
the glass sphere 91 to increase to the point of rupture may allow the dry or drying gas 
to exit distal end 77 of glass preform 70 and hinder the closure of centerline hole 60 
and the formation of an optical waveguide fiber 30 (Fig. 2) having a solid center core 
32. In addition, allowing glass sphere 91 to rupture might allow ambient air to enter 
and containinate centerline hole 60 and the resultant optical waveguide fiber. The 
purge pressure of the dry or drying gas in centerline hole 16 is therefore preferably 
maintained low enough during the drawing of the optical waveguide fiber from the 
glass preform 70 that the glass gob or sphere 91 does not rupture and further that, as 
the centerline hole 60 closes during the draw step 130, the gas present in the 
centerline hole 60 can escape by flowing back through integral handle 52, thereby 
allowing the centerline hole 60 to close without creating gas filled voids within the 
resultant fiber. 
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Referring now to Fig. 14, there will be seen a centerline profile, generally 
indicated 20, of a cross section of an optical fiber preform for a single mode fiber 
manufactured using the method of the present invention. The cross-section was taken 
at the root of the preform subsequent to a single mode optical fiber draw operation, in 
a region where the preform was about 1 cm wide. As seen in Fig. 14, the centerline 
profile 20 has a substantially circular symmetry about centerline 22. The layers of 
glass 24 proximate the center point 22 and circling center point 22 are very 
symmetric and circular. While the cross-section was taken at the root, rather than the 
actual optical fiber, the same uniform symmetry will be present in the resultant 
optical fiber drawn from the preform. In addition, the same results are achievable on 
multimode fiber core canes and the resultant optical fibers drawn therefrom. Single 
mode core canes have been made having a degree of symmetry and concentricity, to 
the layers adjacent the center point 22, which is sufficient to result in a polarization 
mode dispersion value of less than 0.02 psec/sqrt-km. The center point 22, which in 
Fig. 14 is offset from the center of the figure itself, falls on a centerline that extends 
along the length of the optical fiber. Likewise, the circular symmetry extends along 
the entire length of the optical fiber. 

Using the methods disclosed herein, optical fibers can be achieved which have 
an outside diameter of 125 microns, yet the layers of glass surrounding the centerline 
are sufficiently symmetrical that, at a distance of about 0.1 micron from the 
centerline, the glass layers deposited have a radius which varies less than .025 
microns, i.e., the maximum radius minus the minimum radius of any glass layer, 
located between about .08 to .15 microns from the centerline, is less than .025 
microns, more preferably less than about .015 microns. Using the techniques 
disclosed herein, applicants have been able to achieve such fibers. Comparing the 
centerline profile of a fiber produced by the subject method, as shown in Fig. 14, to 
the centerline profile of a fiber produced by a conventional method, as shown in Fig. 
1, the centerline profile of the conventionally-manufactured fibers does not exhibit 
such uniform symmetry and concentricity of layers. Conversely, the fiber made in 
accordance with the invention exhibits concentric and symmetric regions of glass 
about its centerline. 



PCT/USOO/10303 

WO 00/64824 

24 

Low levels of polarization mode dispersion have been achieved wim the 
of the present invention without having . nse a vacuum « any point durtng 
te mam.frcn.re or process ro dose centerline ho,e 60 (Fig. 7), and without havtng to 
resor. » spinning techniques during the fiber draw su* 130 (Fig. 13). More 
specifically, dte manufacturing metimd of the claimed invention enables ft. formatton 
„, single mode optical fiber having a polarization mode dispersion valne of less dran 
0 2 psec/aqrr-km, more preferably less than 0.1 psec/sqrr-km, and most preferab,, 
.ess man 0.05 psec/sqrt-lm, Sing.e mode optica! fibers have been achieved, usmg the 
„** described herein, having polarization mode dispersion valne of less man 0.02 
psec/aqrt-km, without having to resort » any spinning of rhe optical fiber durmg 
ara „. Snch spinning, which is typically imparl «o me fiber daring the draw 
operation to reduce PMD, results in me fiber having a spin in its srmcmre. In fee., 
using me memods disclosed herein, we have achieved entire* nnspnn stogie mode 
fibers (to particular, Coming's LEAF non-zero dispersion shifted <*•- ■"* 
ta ™ g PMD as low as .007 paec/sqrr-km. which is ft. deletion ton* of me PMD 
m easuremen, equipment. The single mode optica, fiber made to accordance wnh the 
tovention is thus capable of achieving tire low PMD values mentioned above whtie 
also exhibiting less «han 3 such spur rotations, and preferably no spin rototion, over a 
.ongUudinal fiber length of 1 merer. Significant.,, these low levels of polanzatton 
Je dispersion have been mainlined while ahowtog centerline ho,e 60 to be purged 
with a dean, dry or drying gas. .hereby simultaneously reducing hydrogen tnducrf 
attenuation and achieving 0.19 dB/km at 1550 am.. 

Multimode fiber can be manufactured using the same process as dKdosed 
above with respec. » single mode fiber manure. However, during me Redraw 
and dadoing deposition steps, me multimode core soot preform may no. need to be 
closed a, bom ends, because attenuation is no. as critical in multimode fibers. 
However, the centerline hole preferably is closed as is me ease wim single mode fiber 
bribed above. For multimode fiber, symmettic hole closure enables me cen»bne 
reg ion of me fiber refractive Wez profile » be nu*d . a desired, accural profile 
ste pe. This enables better on center ba»lwidm when the resuftan. fiber is employed 
with the small spot sizes exhibited by laser sources. 
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As shown in Fig. 15, and in accordance with the present invention, an optical 
fiber 132 is manufactured in accordance with the present invention and used in an 
optical fiber communication system 134. System 134 includes a receiver 138, and an 
optical waveguide fiber 132 for transmitting an optical signal between the transmitter 
136 and the receiver 138. In most systems, each end of the fiber 132 will be capable 
of two-way communication, and transmitter 136 and receiver 138 are shown for 
illustration only. 

The methods disclosed herein can be employed not only to close a centerline 
hole at draw, but also other holes during a separate diameter reducing step, e.g., a 
redraw step to make core cane. If the ratio of the outside diameter of the 
intermediate glass object to the inside diameter of the hole present in the intermediate 
glass object is sufficiently large, forces can be generated by reducing the outside 
diameter of the intermediate glass object which are sufficient to close the centerline 
hole. Thus, if the outside diameter of the glass object is sufficiently large, a hole 
within the glass object can be closed during a diameter reduction operation, without 
having to utilize significant vacuum forces. In this way, the same symmetric hole 
closure can be achieved. 

Also* while the invention has been disclosed herein largely with respect to the 
closing of centerline holes, the methods disclosed herein are not limited to closing 
centerline holes, and can be used to close virtually any void present along the length 
of an optical fiber preform or other intermediate glass articles for use in the 
manufacture of optical fiber. This includes voids that would be formed as a result of 
rod-in-tube manufacturing techniques, as well as voids formed by assembling a glass 
sleeve over pre-manufactured core blanks or canes. 

The manufacturing methods of the subject invention provide for repeatable, 
symmetric, uniform centerline hole closure of a preform resulting in an optical 
waveguide fiber having low attenuation and low polarization mode dispersion. 
Additional advantages and modifications will readily occur to those skilled in the art. 
Therefore, the invention in its broader aspects is not limited to the specific details, 
and representative devices, shown and described herein. Accordingly, various 
modifications may be made to the method and preform disclosed herein without 
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of the general inventive concept as defined by tie 



EXAMPLE 

The following example, wherein . targe effective area fiber known as LEAF 
optical fiber sold by Corning Incorporamd was manufactured in accordance w,th the 
invention. Using OVD techniques, a germania-doped core consisting of an op-doped 
nennania centerline region, surrounded by a moar region exhibiting an index of 
refraction rongbly equal to that of silica, surrounded by an annnlar region which was 
again np^oped using gemtania, followed by a near clad region of SO. was 
depose as soo, onto a AbO, ceramic ma»irel. me ratio of the radius ofthe core 
region » the clad region was 0.4. The mandrel was men removed, turd a top and 
^ gtass plug was inserted into me core soot preform. This core glass soot 

preform was then consolid**, by firs, cleaning the soot by exposure «o 1 perceu. 

Otorine in helium earner gas at 1000X for 2 hours, and men aimermg at 1460 C. 

■Ms consolidation step reamed in a dea^d and dried glass core preform havmg an 

outsidediam^ofabout^mma^aholealongitscemerlinewimanmstde 

„ o, about 6 mm. The top and bottom gtasa p,ugs resulted in a sealmg of both 
fl* top ami bottom of this consolidated gtass core profonn. The consolidated glass 
oore preform was men tedrawn into boliow core ca.es by inserting the core preform 
inn, a furnace a. 1900" C and reducing the diameter „, me preform . approxunamly 
,0 mm OD. This resulted in me hole being reduced to about approximately 1 mm 
inside diameter. As me core cane was drawn from me core preform, me hollow 
ea^s were measured to 1 mem, lengths, and then flame cu, and «he ends sealed off 
by flame working, <o thereby seal off me cemertine and maintain tire soaled centerbne 

region ofthe core cane. 

A handle was then attached to me end of «he «. cane, and additional soo, 
was deposited „mo *e com cane ,o fonn optical fibe, pmfonns suiiable fb, drawing 
into optical fibe,. mis ,esultan. soo, body was then cleaned and consolidated as 
described above after which point tire resultant glass optical fiber preform was 
approximately 56 mm outside diamemr with a 1 mm diamete, E» hole extending 
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along the centerline of the glass optical fiber preform. The centerline hole was still 
sealed at both ends. The glass optical fiber preform was then attached to an integral 
integral handle 52 placed into the top of a draw furnace. The inner handle 76 was 
then lowered to mate with the integral handle 52 of the optical fiber preform. After 
providing a clean, dry environment consisting of 100% helium gas, the top of the 
core cane was snapped open, and the optical fiber preform was lowered into the 
furnace and fiber was drawn therefrom. By snapping off the top of the preform, 
gases were allowed to escape from the centerline hole, even though the pressure 
therein was maintain at atmospheric pressure. By the time the outside diameter of the 
preform had been reduced by approximately 1 or 2 mm, the inside centerline hole had 
completely closed extremely uniformly. Thus, the hole could be closed with less than 
a 10% diameter reduction in the optical fiber preform. The resultant optical fiber 
exhibited attenuation at 1550 of approximately 0.19 dB per kilometer, and exhibited a 
PMD of approximately 0.02 ps/sqrt km as measured on a 1 km sample of fiber on a 
conventional Hewlett-Packard measurement bench. The fiber was drawn entirely 
unspun, meaning that no spinning was imparted to the fiber or its preform during the 
draw operation. 
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The invention claimed is: 

, Ame mod of rnanurac^tog an optical Hber, comprtstng the steps of. 

- —a ,e ^s fo r -se to «,e or op.,0! 

fiber the glass object having a centerltae hole therem; 
beating the glass oojec, to a remperamre sufficient „ reduce fit. outside 

diameter of the glass object; 
applying a presage of greater Ann or er.ua> to about 760 Tore to rfie vote; and 
fit! ourside diamerer o, * glass object by at leas, W - — . 
te bole or annular void to close uniformly and symmemcally. 

, ibe method of Cains !, wherein saidsKp of providing the intermediate glass 

bole so « during said drawing opficn. fiber srep *e cenrerlure ho,e completely 
closes. 

>~— --■■~:rrr:rrr- 

around the centerline of the hber to rem f 

te ies u„an, opfical fiber which is less than 0.2 psecls^, when satd fiber 
25 unspun state. 
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dispersion value of less than 0.1 psec/sqrt-km when said exhibits less than 3 spin 
rotations over a longitudinal fiber length of 1 meter. 

5. The method of claim 1 , wherein said step of providing the glass object includes 
providing the intermediate glass object as a single mode optical fiber intermediate 
glass object, and wherein said step of reducing the outside diameter includes applying 
a pressure to the centerline hole which is great enough to achieve sufficiently 
symmetric layers of glass around the centerline of the fiber to result in a polarization 
mode dispersion value, in the resultant optical fiber, which is less than 0.05 psec/sqrt- 
km when said exhibits less than 3 spin rotations over a longitudinal fiber length of 1 
meter. 

6. The method of claim 2, wherein prior to said step of providing said preform to 
said draw furnace, at least one end of said centerline hole is plugged. 

7. The method of claim 2, wherein said step of providing the glass object comprises 
providing a centerline hole that is plugged at both ends thereof preventing gas flow 
therethrough, and wherein, prior to said applying a pressure step, one end of the glass 
object is opened, thereby exposing the centerline hole to said pressure. 

8. The method of claim 7, wherein the step of providing the glass object plugged at 
both ends protects the centerline of the glass object sufficiently such that the 
attenuation of the resultant optical waveguide fiber is equal to or less than 0.24 
dB/km at 1550 nm. 

9. The method of claim 7, wherein the attenuation of the resultant optical waveguide 
fiber is less than 0.22 dB/km at 1550 nm. 

10. The method of claim 7, wherein the attenuation of the resultant optical 
waveguide fiber is less than 0.21 dB/km at 1550 nm. 
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11 method of claim 2, further comprising: 
inside of a tube. 

12 The method of claim 2, farther comprising: ntnntnthe 

outside of a mandrel; 
moving the mandrel ,o form the centerline hole; and 
taatihg U.e soot core btak to form a glass oore blank. 

aep maintaining the centerline hole in the core cane; and 
fcimto g me innate glass object from the core cane. 

15 • a ^ „f fnrmine the intermediate glass 

H The method of claim 13, wherein said step of forming* 

, • .r deoositina a cladding material onto the core cane, 
object includes overlaying or depositing a ciau b 
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..-—a-— 

to said overlaying or depositing step. 

from the other end of said fiber preform. 
17 The method of claim 14, further comprising: 

17. The method ^ ^ redrawmg step . 

sealing shut both ends of the glass core u 
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18. The method of claim 1, wherein said step of providing the intermediate glass 
object includes providing the intermediate glass object as an intermediate glass object 
for making a multimode optical fiber. 

19. The method of claim 18, further comprising: 

providing a soot core blank; 

consolidating the soot core blank into a glass body having a centerline hole 

therein; and 
depositing additional soot onto said glass body. 

20. The method of claim 19, further comprising: 

redrawing the glass body into a more narrow diameter prior to the deposition 
of additional soot. 

21. The method of claim 19, further comprising: 

forming the intermediate glass object by depositing glass or glass soot onto the 

outside of a mandrel; 
removing the mandrel to form the centerline hole; and 
heating the soot core blank to form a glass core blank. 

22. The method of claim 2, wherein the optical fiber has a centerline and has a 
substantially circular symmetry of glass layers along its centerline. 

23. The method of claim 22, wherein at a distance of 0. 1 microns from the 
centerline of said fiber, said fiber exhibits a radial symmetry of less than .025 
microns. 
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24 A single mode optical fiber, comprising: 

a fiber cladding surrounding said fiber core, wherein the layers of glass 
surrounding the centerline are sufficiently circularly symmetnc to 
resmtmapolarizadonmodedispersionofless^ 

rotations over a longitudinal fiber length of 1 meter. 

10 26. ^fc-d-.^^-^"*-^^ - * 

27 . The optical fiber of claim 24, wherein said fiber is comprised of. 
concentric layers of glass; and 

concentric y 08toabou t 15 microns from the centerhne 

any glass layer between about .08 to about 

exhibitsachangemradialdimensionarounditspenphe^ 

than .025 microns. 

28. The op**, fiber of Cain, 27. wfcreir. said chan t . in radia, — . is I- 
than .015 microns. 
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C v • hfan 27 wherein said optical fiber exhibits a polarization 
29. The optical fiber in claim 27, wnerein mi v 

mode dispersion value of less than 0.2 psec/sqrt-km. 

«. f Mm 27 wherein said optical fiber exhibits a polarization 

30 The optical fiber of claim 27, wnerein soi v 

25 mode dispersion value of less than 0. 1 psec/sqrt-lan. 

31 Amethodoffabricatmganopticalwaveguidefiber.comprising: 

centerline hole; 

pinggins a W end and a second end o,*e cenreriine ho.e «o prevent gas 
flow therethrough; 
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attaching an outer handle to the first end of the preform, the outer handle 

having a mating end; 
providing an inner handle for coupling to a gas supply, the inner handle 

having a mating end and a fluid receiving end; 
coupling the mating end of the outer handle with the mating end of the inner 

handle; 

exposing the centerline hole of the preform to a gas; 
heating the preform to a temperature sufficient to soften the preform; and 
closing the centerline hole of the preform by drawing the preform into an 
optical waveguide fiber. 

32. The method of claim 31, wherein the step of exposing the centerline hole of the 
preform includes breaking the first end of the glass body. 

33. The method of claim 32, wherein the step of providing an inner handle includes 
providing a breaking tab within the inner handle to contact the bent tab of the preform 
when the outer handle and the inner handle rotate relative to one another, and wherein 
said step of exposing the centerline hole of the preform includes rotating the outer 
handle and the inner handle relative to one another until the breaking tab of the inner 
handle breaks the bent tab of the preform. 

34. The method of claim 33, and further including: 

drawing a vacuum on the outer handle and the exposed centerline hole of the 
preform subsequent to said step of exposing the centerline hole of the 
preform; and 

backfilling the outer handle and the centerline hole of the preform with the 
gas. 
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35. The method of claim 34, and further including: 

heating the glass body sufficiently to increase the gas pressure w*» the 
centerline hole of the glass body prior to said step of exposing the 
centerline hole of the preform. 

36 The method of claim 34, and further including: 

flooding the ambient air surrounding the fluid receiving end ofthemner 

handle with the gas prior to said step of exposing the centerhne hole of 
the preform; and 

..coupling the outer M and *. »— »*>< » * ^ " *"« 
the centerline hole. 

37 T*e method o, Cam 34, wherein Are step of bacttUtag me outer * 
tad!, and the cemerline hole of .he preform with a dry gas. 

38 The method of data. 33. and further including: 

Uattag Ote preform sufficiently to increase me gas pressure wtUun the 
centerline hole of the preform. 

39 The method of claim 33, and further including: 
flooding the ambient air swroundtag me fluid receiving end of the outer 

ka^e with a drying gas prior to said amp of exposing me centerhne 
hole of the preform; and 
— g me outer hand* and the inner handle prior to said s«p o, elosmg 

the centerline hole. 

40. The method o, ctaim 33, wherein the stap of exposing the cemerline hole of Ote 



gte body incudes exposing me centerhne hole of the gUas body to a dry gas. 
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41 . The method of claim 33, wherein the step of exposing the centerline hole of the 
glass body includes exposing the centerline hole of the glass body to a drying gas. 

42. The method of claim 33, and further including: 

5 drawing a vacuum on the inner handle prior to said step of exposing the 

centerline hole of the preform; and 
backfilling the inner handle with a drying gas. 

43. The method of claim 42, and further including: 

10 heating the preform sufficiently to increase the gas pressure within the 

centerline hole of the glass body prior to said step of exposing the 
centerline hole of the preform. 

44. The method of claim 42, further including: 

15 flooding the ambient air surrounding the fluid receiving end of the outer 

handle with the gas prior to said step of exposing the centerline hole of 
the preform; and 

uncoupling the outer handle and the inner handle prior to said step of closing 
the centerline hole. 



20 



45. The method according to claim 42, wherein the step of backfilling the outer 
handle with the gas includes providing the gas as a dry gas. 



46. The method according to claim 42, wherein the step of backfilling the outer 
25 handle with the gas includes providing the gas as a drying gas. 

47. The method of claim 42, wherein the step of backfilling the outer handle with the 
gas includes providing an exhaust port and passing the gas over the fluid receiving 
end of the inner handle enroute to the exhaust port. 
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48 The method of claim 47, and further including: 
includes providing a fluid fffled bubbler. 

50 The memod of data 48, wherein the s«P of providing a oue way flow valve 
from reaching due fluid receiving end of rite inner bandie. 

,, Tbe method of claim 50. wherein me step of backfilling me outer handle and me 
toe cenrerline hole of me glass body wirh a drying gas. 

a , f-alassfiberprefomsnfficiendyprottcBrhecenrerhneholefrom 

hole of the glass fiber pr ae, is equal «> or 

contamination such that the anenuatron of the resultant w 

less than 0.24 dB/km at 1550 mn. 

53 Tbe method o, cUim 52. wherein me auenuation o, me result optical 
waveguide fiber is less man 0.22 dB/km a. 1550 mn. 

54 Tbe memod o, claim 53, wherein the atrenuation of the resultant optical 
waveguide fiber is less than 0.21 dB/km at 1550 mn. 

55 A preform for manufacturing an optical fiber comprising: 

r^rica.glasshodyhavmgalongimdinal.yextendmg^apermre; 

^ara^tendofs.dhodymsea.afirstendofmeaxia.apern.^ 
aL. 0. tab enclosing me opposite end of the axial aperture, sard tab 

including a radially extending section and a .ongitudinally extendmg up 
which can be fractured for exposing the axial aperture. 
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56. The preform of claim 55 and further including a generally cup-shaped handle 
integrally formed on said glass body with said tab within the handle. 

5 57. The preform of claim 56 and further including a cylindrical conduit having an 
end mating with said cup-shaped handle and a radially inwardly extending breaking 
tab having a length which allows the breaking tab to engage and fracture the bent 
glass tab when the conduit and handle are rotated relative to one another. 

10 58. An optical fiber including a fiber core constructed of layers of glass and having a 
centerline, and a fiber cladding surrounding the fiber core, wherein the layers of glass 
surrounding the centerline are sufficiently circularly symmetric to result in a 
polarization mode dispersion of less than 0.2 psec/sqrt-km, made in accordance with 
a method comprising the steps of: 
15 providing an intermediate glass object for use in the manufacture of optical 

fiber, the glass object having a hole therein at least one end of which is 
plugged preventing gas flow therethrough; 
heating the glass object to a temperature sufficient to reduce the outside 
diameter of the glass object; 
20 applying a pressure of equal to greater than 8 Torr to the void; and 

reducing the outside diameter of the glass object and causing the hole or 
annular void to close uniformly and symmetrically. 

59. The optical fiber of claim 58, wherein said step of applying pressure includes 
25 applying a pressure of less than or equal to 100 Torr. 

60. The optical fiber of claim 59, wherein said step of applying pressure includes 
applying a pressure of less than or equal to 500 Torr. 

30 61. The optical fiber of claim 60, wherein said step of applying pressure includes 
applying a pressure of less than or equal to 750 Torr. 



5 



PCT/US00/10303 

WO 00/64824 

38 

*u # .„im 61 wherein said step of applying pressure includes 
62 The optical fiber of claim 61, wnerein 

applying a pressure of less than or equal to 760 Torr. 

applying a pressure of greater than 760 Torr. 

.,•«.« wherein the fiber exhibits less than 3 spin rotations 
64. The optical fiber of claim 58, wherein me 

over a longitudinal fiber length of 1 meter. 

66 . The optical fiber of claim 58 , wherein the fiber is comprised of: 
concentric layers of glass; and 

u™,t r to about 1.5 microns from the 
,nv olass laver located between about .8 to aoour ... 

67 . The opaica! Shea of Cain, «. wheaein * aadial « * - ■ " 
microns. 

dispersion value of less than 0.2 paee/aqn-km- 
25 dispeiaionvaiueoflesatonO.lpsec/aqrt-km. 

dispersion value of leaa ihan 0.05 paeo/sqrt-to. 
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71 . An optical fiber including a fiber core having an attenuation of less than or equal 
to 0.24 dB/km at 1550 nm, made in accordance with a method comprising the steps 
of: 

providing an intermediate glass object for use in the manufacture of optical 
fiber, the glass object having a centerline hole therein each end of 
which is plugged preventing gas flow therethrough; 

heating the glass object to a temperature sufficient to reduce the outside 
diameter of the glass object; 

opening at least one end of the glass object while protecting the centerline hole 
from contamination; and 

reducing the outside diameter of the glass object and causing the hole or 
annular void to close uniformly and symmetrically. 

72. The optical fiber of claim 71, wherein the intermediate glass object was formed 
by a method which comprises: 

forming a soot core blank by depositing glass or glass soot onto a mandrel; 
removing the mandrel to form the centerline hole; and 
heating the soot core blank to form a glass core blank. 

73. The optical fiber of claim 72, wherein the method of forming the intermediate 
glass object further includes: 

plugging both ends of the centerline hole of the soot core blank prior to 
heating the soot core blank to form a glass core blank. 

74. The optical fiber of claim 73, wherein the attenuation is less than or equal to 
0.22 dB/km at 1550 nm. 

75. An optical fiber including a fiber core constructed of layers of glass and having a 
centerline, and a fiber cladding surrounding the fiber core, wherein the layers of glass 
surrounding the centerline are sufficiently circularly symmetric to result in a 
polarization mode dispersion of less than 0.2 psec/sqrt-km, and having an attenuation 
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• , ^ «rovpntin2 eas flow therethrough; 
which is plugged preventing go* 

diameter of the glass object; 

from contamination; 

annular void to close uniformly and symmetrically. 
ip plymgapressure of greater thanor equal to lOOTorr. 

applying apressure of greater than or equal to 500Torr. 

«. f ririm 77 wherein the step of applying the pressure includes 
on 78 The optical fiber of claim 77, wnerein 

r „«otPT than or equal to 750 Torr. 
applying a pressure of greater than or eq 

applying a pressure of greater than 760 Torr. 

, . - m79 whe rein the fiber exhibits attenuation less than or 
80. The optical fiber of claim 79, wherein m 
equal to 0.22 dB/km at 1550 nm. 

30 equal to 0.21 dB/tan at 1550 nm. 
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82. The optical fiber of claim 75, wherein the fiber exhibits attenuation less than or 
equal to 0.21 dB/km at 1550 nm. 

83. A method of making an optical fiber, comprising: 

5 forming an optical fiber preform via a process which comprises deposition of 

glass soot onto a substrate, removing the substrate and consolidating 
the preform to form a intermediate glass object having a centerline hole 
therein for use in the manufacture of optical fiber, and closing the hole 
under conditions suitable to close the hole under a pressure inside said 

10 centerline hole which is greater than 1 Torr. 

84. The method of claim 83, wherein the intermediate glass object is an optical fiber 
preform and the method, further comprising drawing said preform into an optical 
fiber. 

15 

85. The method of claim 84, wherein said hole closing step takes place during said 
step of drawing the preform into an optical fiber. 

86. The method of claim 84, wherein the pressure inside the centerline hole is 
20 greater than 8 Torr. 

87. The method of claim 84, wherein the pressure inside the centerline hole is 
greater than 100 Torr. 

25 88. The method of claim 84, wherein the pressure inside the centerline hole is 
greater than 760 Ton*. 
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89. The method of claim 83, wherein said hole closure step comprises closing the 
hole via a process which comprises exposure of said intermediate glass object to a 
heat source which symmetrical surrounds said intermediate glass object. 
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» The method of Cairn 89, wherein J hole closing step comprises Cosing the 
hole in a cylindrical furnace. 

n . The meftod of claim 89, wherein said hole Cosing s*p conges closing the 
hole in a furnace which has a temperature gradient therein. 

„ ana a cooler *, the hoder zone .coated below the cooler zone, and the ho,e . 
dosed by transporting aaid hnennediate gto object front the cooler zone to the 
hotter zone. 

,3 The method of data 92, wherein said hole closnre step comprises sporting 
^ taennediate gtass object tough a futnace which is verticaUy oriented. 

94. The method of claim 83 wherein the mtermediare glass object is . core cane. 

95. The method of Cairn 83, wherein the intermediate glass objec is a glass tube 
onto which glass deposited inside of said tube. 

96. The memod of claim 84, wherehr, prior to said ho,e Cosure step, a, leas, one end 
of said intermediate glass object is sealed. 

„. The method of claim 96, wherein, P *r to said hole Cosure aep. bom ends o, 
said intermediate glass object are sealed. 
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